I. INTRODUCTION
Deforestation in Côte d'Ivoire is symptomatic to agricultural socio-economic development and forestry. This development was carried out with the national forest inheritance detriment [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Indeed, Côte d'Ivoire forest estimated to 14 million hectares in 1912 [11] , passed on average two million hectares in 1993 [1] . The most recent studies estimate forest cover at some more than one million hectare in the South of the 8th parallel during 2000 [6, 7] .
This forest regression is the result of a significant degradation of the forests, under the agricultural pressure and the forestry. Forests destruction leads to this ecosystem fragmentation. This fragmentation of forests are the cause of a significant biodiversity loss in the world [12] [13] [14] . In spite of all this, the forest remains a universal common heritage and a complex ecosystem, which contributes to the nature balance and the climate. Its role lies that it is used as habitat to numerous animals and plants species, but also play many other functions, in particular, erosion control, water storage, carbon fixing, soil fertilization, rainfall interception and redistribution [15] . In addition, the carbon sequestration contributes it to mitigate the effects of the climatic changes. All this justifies the protection of the forests ecosystems. In response to this situation of accelerated deforestation, but also in a concern of the continuity of its natural resources, Côte d'Ivoire State carried out the protection of a significant part of its forest inheritance. The protected forests of the State, quantified with 147 in 1960, currently passed to 231.
Among these protected forests, that of Monogaga requires a high priority because of the presence of the populations inside [16] . That made that this forest doesn't play the role that was assigned to him by Côte d'Ivoire State, namely, being a refuge for the animal and plant species. Several studies carried out within Monogaga protected forest (MPF) primarily concerned anthropogenic action effects on the degradation and/or biodiversity conservation [16] [17] [18] [19] [20] [21] [22] . The detailed estimate of the real forest cover and deforestation processes comprehension implies the use of satellite images with high resolution, associated by ground data. However, very few studies related to the forest cover evolution by the satellite approach. It is to mitigate this insufficiency that the present study was undertaken.
It aims to determine the farmer's establishment impact on the forest cover dynamics of the Monogaga protected forest.
In a specific way, it's about: -to characterize the forest cover in 1986 and 2017 achieved from the high resolution of satellite imagery and, -to analyze the anthropogenic activities on forest cover dynamic between 1986 and 2017.
Like assumption, the forest loss in quality and quantity in Monogaga protected forest, would be primarily due to the intense agricultural activities that take place there.
II. METHODOLOGY
A. Study area Monogaga Protected Forest (MPF) is located in the South-west coastal in Côte d'Ivoire (Fig. 1 [23] . It varies according to the latitude, longitude and altitude [24, 25] with four (4) bimodal seasons regimes : two (2) rainy seasons including a great wet season from March to June and small from September to October and, two (2) dry seasons including a great season from November to February and small season from July to August [23, 26] . Annual precipitation over the period going from 1995 to 2010 lies between 1200 and 1900 mm with an average of 1490 mm [25] . The temperatures oscillate between 25 and 30°C with an average of 26°C [23, 26, 27] . The relative humidity is nearly 80% [27] . The vegetation belongs to the Guinean domain of the ombrophily sector. It is characterized by the presence of the dense humid evergreen forest of low altitude, with Eremospatha macrocarpa (Man and Wendl.) Wendl and Diospyros mannii Hiern. [28] . This forest sector is closely dependent on the altered or hardened low land in clay and on weak water reserve of the sandstone terminal continental [24] . It relies on a strongly impoverished Ferralsols, resulting from granites, gneiss or mica-schists [29] on a wide strip of approximately 5 km along the coast, with incursions of hydromorphic organic soils (gley or pseudogley). Modal and strongly appoverished Ferralsols are, also, present in all the remainder of the forest [30] . MPF faces to the Atlantic Ocean. It's drained by Brimé River in the west, and the lagoons in the south of which Popoko, Tanienga, Kounou and Dadamié (Fig. 1) . 
B. Material
The present study used Landsat images downloaded on "Earthexplorer" (http://earthexplorer.usgs.gov). These multiband images are those of Landsat 5 TM and Landsat 8 OLI+ scene of 197 -57. They are the images TM (Thematic Mapper) on January 16, 1986 and OLI+ (Operational Land Imager Plus) on December 23, 2017. With exception of the thermal, panchromatic, cirrus and aerosol bands, the six multispectral bands were used for this study. The GeoTIFF decompressed images were possible thanks to the 7-ZIP software. GPS Garmin tool (Global Positioning System) was used to collect the geographical coordinates of the vegetation units from recognition mission. Then, DNR Garmin software made possible to download the data on GPS tool. The remote sensing software used is ENVI 5.1.ArcGIS 10.2.2 (©1995-2014 Esri Inc.) was used for the digitalization, the statistics and the realization of a map integrated in the Geographical Information Systems (SIG). Microsoft Excel, MS 2013 allowed to the alphanumeric processing of the MPF land cover in 1986 and 2017. The documentary source used is the map of vegetation (27 September on 2004 , updated September 29, 2008 , by the CNTIG) on 1/50 000 scale for the SODEFOR and specifically covering the MPF vegetation. This map source and the images data of Google Earth Pro 7.1, a very high resolution, made it possible to retain the forests like perception level and allow locating the MPF on the satellite images in order to extract the window there from study area.
C. Methods 1) Land cover mapping characterization in 1986 and 2017
The radiometric correction on multi-temporal satellite images is significant on coastal zone [31, 32] . We carried out the radiometric correction in ENVI to reduce the atmospheric disturbing effects, which is charged with dust cloud in the harmattan period. FLAASH method (Fast Lines Atmospheric Analysis of spectral Hypercubes) drifting of the code of radiative MODTRAN4 transfer is used with a horizontal visibility of 40 km and approximately 28 km, respectively for TM 1986 and OLI+ 2017. The land cover characterization based on visual interpretation combined the techniques of satellite image processing's, the techniques of observations and data acquisitions on the ground. The data pre-processing begins with the extraction from the surface reflectance image. In data processing, the summary of the results from the coloured compositions 5R-4V-1B, NDVI, Normalized Difference Vegetation Index [33] assessment and unsupervised classification by the ISODATA (Iterative Self Organizing Dated Analysis Technic) algorithm is realized to facilitate the identification and the land cover differentiation [34] . The collected data on the ground are representative of the numerical class characteristics; they made it possible to include or understand the spectral response of land cover units.
Among so much algorithms available in supervised classification, the Maximum Likelihood [34] and artificial neural networks (Neural Net) [31, [35] [36] [37] [38] remain the most used. The neural networks algorithm by back-propagation error was applied for their weak dependences to the training [36] . They improve the accuracy under certain convergence conditions on the non-linear model (residues minimization), accommodation with the auxiliary data, flexibility and the sub-categories handiness [38] . Neural Net parameters related to the algorithm process (classification accuracy), applied to the input layers, were defines during the training in accordance with that of Jofack Sokeng et al. [38] . The reasonable iteration number fixed at 1000 (> 500), a single hidden layer [39] for a non-linear function (Logistic) of more than two input layers, a training rate and a training momentum near to 0.9 (0.88) and a training Residues Mean Square (RMS) exit criteria (0.15) were used. The training rate makes it possible to calculate the changes to be brought to the weight values after each iteration. Its value affects considerably the algorithm performance when it tends towards one (1) . Like the momentum, its value varies between 0 and 1.The traditional back-propagation algorithm contains the generalized delta rule [35] , would update the weights, and seems usually very slow and unstable. The momentum was added in order to raise the training rate while avoiding the oscillation risk of the error. It also varies from 0 to 1 and measures the effect of a previous iteration on the iteration in progress (encourage weight changes along the current direction). The activation or transfer function (Logistic/sigmoid) was applied, because it makes it possible to standardize the values allotted to the output neurons. It intervenes between the input level and the hidden level on a side, and between the hidden level and the output (or Exit) level and other side. The network training stops when the error exceeds an optimal value established (0.15) or when the iteration is reached. The RMS error defined by the user varies from 0 to 1. The output layers of the algorithm are defined by the classes resulting from supervised classification. They are the layers whose forest units are described according to the covering and the underwood cover degree, continuity and density.
The classification validation was realized using statistical tools, confusion matrix and the Kappa index. This confusion matrix was designed to compare and estimate the error on the classification result (input layers). The Kappa coefficient was calculated, expressed in percent and evaluated according to 50% threshold criteria defines by Pontius [40] ; it makes it possible to know if the simulators improved the land cover scenario accuracy.
2) Forest cover dynamic and anthropogenic activities a) Dynamic mapping from 1986 to 2017
To achieve the closed forests (FD) dynamics map from 1986 to 2017, a new field indicating the year was created in the attribute table of these vectors. For 1986, the field is named "year" with a single value for all the lines "1986". This field, for 2017, is named "date" with for value "2017". The merging of these two layers of FD (1986 and 2017) is carried out thanks to the function "union" of GIS software "ArcGis 10". By making requests on the attribute table of this merging, following areas are given [6] :
-Areas of the closed forests degraded: for "year" = 1986 and "date" = 0; -Areas of the closed forests remained stable: for "year" = 1986 and "date" = 2017; -Areas of the closed forests regenerated: for "year"= 0 and "date" = 2017.
b) Forest cover loss and deforestation rate
The dynamics analysis of the forest cover was made starting from the deforestation rate formulae generated or used [6, [41] [42] [43] . It is the quantity of changes observed on the level of a land cover units and thus makes it possible to measure the conversion degree. This calculation of the proportion of the forest cover loss (p) related to the closed forest (FD). It was given between the two years by the following formulae (equation 
c) Closed forests degradation and regeneration analysis
The apprehension of the closed forests (FD) dynamics passes by the determination of classes implied in this change. To determine these classes resulting from degradation and those regenerated in FD, the following crossings were carried out thanks to the function "intersect" of GIS software "ArcGis 10": the FD intersection of 1986 map with the land cover map of 2017 gives the cover of FD transformed into other classes. In the same way, the intersection of land cover of 1986 with FD of 2017, determines the classes regenerated in FD. The changes of the forest cover of this study aim at showing the farmers influence on the process of deforestation of the MPF.
d) Anthropogenic activities and road building analysis on forest degradation
Photographic arch constitutes an efficient action for the biodiversity conservation or the deforestation causes. This method was commonly used to determine and include/understand the anthropogenic action or deforestation causes. Moreover, an Euclidian distance analysis is the best indicator suited to represent deforestation [45, 46] . One variable, like an asphalted national road named "La Côtière", has been used to explain the closed forests (FD) occurrence. ArcGIS tool "NEAR" has been used to calculate the distance and other proximity information between the input entities and the nearest entity in another layer or class entities. The geodesic distances calculated between the entities are those that are the shortest that is the nearest one of the other. The distance between the FD centroids and the road is the perpendicular or the nearest summit.
III. RESULTS

A. Vegetation cover map of Monogaga Protected Forest 1) Identification of the land cover units
The result observations on the land typology made it possible to six (6) land cover units (Fig. 2) , namely:
 Closed forests (FD):described like "dense forests".These formations gather the closed wet forests, the mangroves, the swamp and riparian forests, and the periodically flooded forests;the characteristic species are Dialium aubrevillei, Tieghemella heckelii, Diospyros sanza-minika;  Degraded forests (FDd):are forests known as secondary due to the cut of the climaxed forest followed by the abandonment; 
2) Land cover assessment of 1986 and 2017
The result analysis of classification assessment (confusion matrix) on the supervised classification image by the neural net reveals an average of the well classified pixels (AA) of 92.21 %, high than 90 % for the image TM 1986 (TABLE I) . In addition, the Kappa coefficient of 90 % is appreciably close to its total precision that is 92 %.
Classification is also very satisfactory for the whole of the classes of 2017. The result of the confusion matrix of TABLE II reveals a rate of total precision of 94.22 %, high than 90 %. In addition, the coefficient Kappa 92 % for the supervised classification of image OLI+ 2017 remains appreciably close to its total precision (TABLE II) . Fig. (3A) shows the area distribution spectra (in hectare and percent) of the land cover units compared to the total area of Monogaga protected Forest. Closed forest (FD) occupied 11 407.80 ha (29.09 %) in 1986. The degraded forests (FDd) were estimated roughly 7 517.21 ha (25.68 %). Some land cover characterizing by anthropogenic effects (Land use) are the fallow -food crops (Jch/Cv) and the cash crops (CR) occupied a little more than 19 420.52 ha (49.53 %). Barren land or the human settlements and grassy land (SN/Hbt/Zh) were 734.52 ha (1.87%). 
3) Land cover mapping of 1986 and 2017
B. Spatio-temporal dynamic of the forest cover of the Monogaga Protected Forest 1) Spatial mutation of the closed forests
The dynamic of the closed forests (FD) cover is showed in Fig. 6 . The closed forest in 1986, initially localized in the central part of the Monogaga protected Forest (MPF), transposed itself of the sub-coastal side. Three mutations are in use in this protected forest. It is about the fragmentation, the conservation and the regeneration of the forest areas (TABLE III) . Indeed, FD area that fragmented is estimated to close to 10 398.93 ha with numerous polygons (12323) against close to 528.85 ha of regenerate area (1746 polygons). The steady of FD is of 1 008.86 ha with 1789 polygons (TABLE III) . The importance of the FD damaged area in relation to the FD remained steady and in the FD regenerate watch that a weakness of conservation in the MPF. The numerous polygons show that the FD has been very fragmented. 
2) Closed forest loss cover and deforestation rate
The closed forest loss (p), between 1986 and 2017, is of 86.52% (9 870.08 ha). This proportion represents a few less 90% of the earlier area (11 407.80 ha) of the closed forest cover. The linear and non-linear annual rate of deforestation (r and r') that results is respectively of 2.88% and 6.46% on 30 years.
3) Human activities and forest cover dynamic
The forest dynamic between 1986 and 2017 is characterized by the reconversion or deterioration of the closed forest (FD). TABLE IV presents the classes units coming from the deterioration of the FD. These forests have essentially been converted in cash crops (CR) and in the degraded forests (FDd), with respective areas of 5 871.41 ha (56.46%) and 3 236.65 ha (31.12%). The polygons of these two classes were very numerous, more of 4000. It shows the strong fragmentation of the initial FD. These are followed of the fallows and food crops (Jch/Cv), that areas of land use of 1 152.71 ha (11.08%) for numerous polygons of 3163 (TABLE IV) . It shows the importance of the transformation and the fragmentation of the FD besides by the crops. To the total, more than 90% of the classes of the MPF are descended of the anthropogenic, with an implication at few less 70% of the CR and Jch/Cv in the deterioration of the FD. It shows the importance of the crops in the landscape transformation in this protected forest. The forest transformation also caused by timber exploitation, firewood exploitation, charcoal manufacturing and agriculture (Fig.  7a, b, c and d) . With regard to the regenerated forests, they have been developed thanks to outside financings of which the European Union in 1998 (Fig. 7a) . These developed forests in 1992 have been destroyed to the profit of the cocoa plantations. Woods planted for regeneration with crops are killed by lethal injection products.
Among the classes implied in the deterioration of the FD, only the cash crops (CR) participate in regeneration with a contribution of some more 70%, either a few less than 400 ha. The land cover area of cash crops (CR) takes place to closed forests (FD) with average values of 1000 polygons. The proportion of the classes descended of the anthropogenic that is implied in this regeneration is some more 90% (TABLE IV) . In spite of their weak area, the degraded forest (FDd) regenerated more quickly respectively to corresponding areas to 72.40 ha (13.69%).
The number of polygons is close to 500. The asphalted road effect on closed forests degradation is illustrated in Fig. 8 . Euclidian distance to roads has been applied with nearest analysis to establish spatial relationship between closed forest area and the road "La Côtière". This result shows that in 1986, there was a very high forest area close to the asphalted road project. The distance of strong distribution is from 1000 to 2000 meters. In 2017, this analysis shows that the forest areas are raised to move away the road, to distance of 6000 to 8000 meters. This analysis translates the negative effect of the road project on the forest conservation. The land cover characterization of the Monogaga protected forest (MPF) was done on Landsat TM 1986 and ETM+ 2017 image processing's. The back-propagation algorithm of the neural networks used by the supervised classification in the land cover characterization was carried out successfully. Similar results were obtained by several authors on the Landsat images whose Yuan et al. [37] and Jofack Sokeng et al. [38] . The matrix confusion indicates global accuracy and Kappa coefficients high than 90%. These global accuracies rates demonstrate the classifications performance. With this algorithm, Yuan et al. [37] and Jofack Sokeng et al. [38] obtained respectively global accuracies on the forest ecosystems classification of 88.13 % (Kappa 86 %) and 90.08 % (Kappa 88 %). These maps obtained are good according to Pontius [40] . The land cover map is validated with a Kappa coefficient more than 50 %. The Kappa more than 80 % puts in real agreement classification at the ground observations [47] .
The characterization also allowed describing the closed forests and the anthropogenic zones. Closed forest cover passed from an area of 11 407.80 ha (29.09 %) in 1986 with nearly 1 537.71 ha (3.92 %) in 2017. These forest classes' decreases were noted with the profit of the anthropogenic zones, such as the degraded forests, the fallow, the cash crops (cocoa, coffee, rubber tree, etc.) and annual crops. A comparison of 1986 and 2017 images makes it possible to realize the continuation of the deforestation already announced by Brou et al. [48] and Louppe & Ouattara [4] in Côte d'Ivoire last forest, including that of Monogaga.
On the spatial distribution level, the closed forests were located primarily in the central part of the Monogaga protected forest (MPF) in 1986. Currently, the sub-costal part shelters the little of the closed forests of this protected forest, instead of cash crops, which prevailed there. That is explained by the abandonment of certain cash crops to the profit of afforestation. This phenomenon of abandonment was noted by Koné et al. [3] and Koffi et al. [8] in Indenié-Djuablin region (in the East of Côte d'Ivoire). They are in particular the coconut plantations whose renewal isn't tolerated by the manager in load of the forests [16] .
The spatialized approach of the forest is a condition considered to be necessary to the safeguarding of biodiversity erosion [49] , especially, in this context of tropical landscapes that both of forest and agricultural [50] .
The closed forests dynamics made it possible to emphasize the changes (degradation, conservation and regeneration) which have course in Monogaga protected forest (MPF). The closed forests area which was degraded is estimated at nearly 10 400 ha with numerous polygons, against nearly 530 ha of regenerated area. Numerous polygons of the closed forests show that it's very fragmented. That illustrates a strong pressure on the forest resources of the MPF. This pressure is primarily due to the expansion of cocoa, coffee plantations and with the introduction of new cash crops such as the rubber tree and the oil palm tree. The disappearance of the South-western protected forests is due primarily to the agricultural clearings and the industrial wood exploitation [4, 51, 52] . The land cover dynamic made it possible to better include/understand the spatio-temporal dynamics of the relations between forest and agriculture.
The closed forests area preserved is less than the closed forests regenerated. It translates the weakness of the closed forests conservation announced by Adou Yao [16] and Adou Yao et al. [22] on the whole of the Monogaga forest cover. That could be explained by the attempts at abandonment of the farmers in this forest proved to be vain. They made place with conflicts rather, as in 1997 and 2002, in the locality of "Pont-Brimé". According to Adou Yao [16] , they were held between the forest company offices (SODEFOR) and the farmers installed in the forest. It has some in the same way for the recent conflict of Moussadougou in 2007. This attitude of the local populations illustrates one of the limits of the participative action, which at the beginning wanted to be to be an effective strategy for the restoration of the MPF ecosystem. One of the ascribable causes is the space categorization and the introduction of the traditional rules of the natives populations "Wanne" on their environment [22] which seem to be different from those established by the SODEFOR, namely the series of protections and the agricultural ones [16] . Some practise such as clearings are very strong markers of space and individual appropriation of the resources. All this prevented the conservation of closed forest that was located in the central part of this protected forest. This behaviour of the bordering populations was already announced for this same area, in Niegré protected forest [52] , Okromodou [9] and Rapids Grah protected forest [51] . That was also announced by Tabopda [41] in the Waza National park, in Northern Cameroun.
Between 1986 and 2017, the proportion of the closed forest loss (p) is a little more than 85%. In spite of this tendency to regression, this rate remains very high compared to that obtained by Douffi [42] and Kouassi et al. [26] , with respective proportions of 25.70 % (1986 -2017) and 33.22 % (1986 -2014) . Theseresults difference probably due to the choice of algorithms, but to the effectiveness of the classification algorithm. Indeed, if in this study the neurons networks algorithm by back-propagation was used. The last studies had recourse to the Maximum Likelihood. The annual deforestation rate that results is 2.88 % on linear scale and 6.46 % on non-linear scale over three decades. This annual deforestation rate on a linear scale is comparable with that of Koné et al. [6] in the Gboklè region (2.98%) over the period 1980 to 2000. On the other hand, it is very distant from that of San-Pédro region that is 1.60% [6] . The nonlinear character, related to the process of deforestation makes more alarmists this annual rate. Let us note that deforestation starts it is generally fast. This rate deforestation is similar to that obtained for the African closed forests between 1980 and 1990, that is 6.52 [44] .
Degraded forest, fallows-food crops and cash crops represent a little more than 90 % of the degradation of closed forest. This proportion resulting from the anthropogenic was also announced for the whole of the African Western area [53] . The share of the protected forest crops represents a little more than 40 % of the proportion of the anthropogenic classes. This phenomenon of degradation led to secondary forests and other units not-foresters [10, 48] . Thus, closed forest produced the various classes of 2017. Indeed, before 1986, the area experienced a growth and economic development without precedent by the means of institution of installation integrated on a regional scale named A.R.S.O (Authority for South-west Area). This one contributed to the development of the forest small islands of South-west [54] . In the past installed with the Northern periphery limit of the Monogaga protected Forest, around Nonoua, the agro-industrial unit led to the village establishment, food crops and cash crops within the MPF.
The road project has a negative effect on the forest conservation. An asphalted road project named "La côtière" strongly contributed to the closed forest degradation. Indeed, the road that crosses the MPF supported the installation of crops or agricultural enclaves along this way. The distance simulation to the forests shows that the protected forest for which there is a strong probability of the deforestation is associated to the conception of an asphalted road. These reports have has been obtained in Latina America Forest by Freitas et al. [46] and by Gómez-Ossa & Botero-Fernández [45] . If the roads building constitutes by the facilitation access to the forests (a conservative action of the protected forests), it disturbs in this sense that the ecological studies suggest that the tropical forest overflows a biodiversity. Therefore, the deforestation would be able to would put at risk the environment services that accommodate the ecosystems forests. Freitas et al. [46] indicate that although the variable of distance to the roads is a reliable indicator of the forest dynamics in the processes of deforestation, the effect can only be detected when the agricultural expansion stabilized on a certain period. However, the effect of the road building as the road asphalted "La côtière" that would cross the protected forest could be the strong agricultural faculty and the excessive wood extraction.
V. CONCLUSION
The resort to the remote sensing permitted to characterize the forest and to put in evidence the land cover dynamic, especially the closed forests of Monogaga Protected Forest (MPF) in 1986 and 2017. In diachronic survey, the images processing based on the neuronal networks algorithm (Neural net) coupled to the ground data, was a significant asset to the land cover characterization with good classification accuracy. It put in relation some explanatory elements of the landscape due to the anthropogenic actions with the regression of the closed forests. On 30 years, the lost proportion of closed forest (p) is some more than 85%. It is resulted to the annual deforestation rate of 2.88% to 6.46% according to the regular (r) and irregular (r') scale evolution of the deforestation process. The disappearance of the forests within this protected forest is essentially owed to the agricultural clearings and to wood exploitation. This situation drove to the rarity of the forests closed within MPF. The hypothesis of the loss in quality and in quantity of the vegetation units of MPF has been verified. In perspective, the achieved works cannot pretend to have surrounded all aspects of the studied problems. They deserve to be refined by complementary research that would consist in analysing all factors bound to the deforestation of this protected forest. As recommendation to the concerned authorities, it is important to have resort to the satellite approach to reinforce the politics of conservation and forest management facing the harmful effects of the farmer's intrusion.
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